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Background: While the validity of pain assessment has been well documented, the underlying 
schema (ie, organized, preconceived ideas) of how individuals interpret numerical pain ratings 
is not well understood. This study's objectives were to examine numerical pain intensity ratings, 
from (0 to 10 cm on the visual analog scale [VAS]) across multiple severities of commonly 
experienced acute pain conditions to determine whether the ratings differed between these pain 
conditions and/or between individuals. 

Methods: A community sample (N=365, 66% female) rated their anticipated pain intensity 
(VAS) for threshold, mild, moderate, severe, and tolerance level, using several common pain 
conditions: headache, toothache, joint injury, delayed-onset muscle soreness, burns, and "gen- 
eral pain." 

Results: Cluster analysis revealed three subgroups of individuals, suggesting three types of 
underlying pain rating schema: 1) Low Rating subgroup (low VAS pain intensity ratings across 
all the pain severity categories); 2) Low/High Rating subgroup (low VAS pain intensity rating 
for mild, but high VAS pain intensity rating for severe pain); and 3) High Rating subgroup 
(high VAS pain intensity ratings across all the pain severity categories). Overall, differences 
between pain conditions were small: muscle soreness pain intensity was consistently rated 
lower than the other pain types across severities. The highest pain ratings varied between joint 
injury and general pain, depending on severity level. No effects of sex or current experience 
of pain were noted. 

Conclusion: The results indicate that: 1) three distinct pain schemas were present in this 
community-based sample, indicating significant variation in how pain scales are utilized and/or 
interpreted between clusters of individuals; 2) pain ratings vary by condition, but these differ- 
ences are minor; and 3) pain rating schemas are not significantly different between males and 
females or between individuals with and without current pain. 
Keywords: VAS, muscle soreness, headache, toothache, joint pain 

Introduction 

The psychometric assessment of pain has been well-studied and has contributed to our 
current understanding of the validity of subjective pain ratings, ratio scaling of pain, and 
the nonlinear power relationship in stimulus intensity pain rating curves. 1-3 However, 
the underlying cognitive appraisal strategies and schemas used when self-reporting 
pain intensity are not well understood. Schemas may be best described as organized 
preconceived ideas or biases (ie, a conceptual framework) affecting how people attend 
to, interpret, and recall information. Accordingly, a pain rating schema is a conceptual 
framework used when communicating pain intensity as a numerical value. 



submit your manuscript | www.dovepi e 
Dovepress 

http://dx.doi.org/ 1 0.2 1 47/JPR.S52556 



lournal of Pain Research 20 1 4:7 1 3-23 | 3 

© 2014 Frey-Law et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution - Non Commercial (unported, v3.0) 
| License. Ihe full terms of the License are available at httpy/creatrvecommons.org/licenses/by-nc/i.O/ Non-commercial uses of the wort ate permitted without any further 
permission from Dove Medical Press limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at http://wwwdovepress.com/permissionsphp 



Frey-Law et al 



Dovepress 



Pain is an inherently subjective experience, involving sen- 
sory and emotional factors. 4 When asked to rate pain intensity, 
a cognitive determination of how to scale the experience must 
occur. While the endpoints of most numeric pain rating scales 
are predefined (eg, "no pain" versus "maximum experienced 
or imagined pain"), midpoint characterizations are often not 
operationally defined. As such, pain rating schemas may vary 
considerably between individuals (eg, what does a "3" out of 
1 0 mean?). These variations may lead to miscommunication, 
misunderstandings, and compromised pain management, par- 
ticularly if health care providers' interpretations or schemas 
differ from patients' schemas. 5 Clearly pain sensitivity varies 
between individuals; 611 however, it is not clear the degree to 
which underlying pain rating schemas differ between patients/ 
individuals or between types of painful stimuli. 

Cross-sectional comparisons have examined numerical 
and categorical (eg, mild, moderate, severe) pain ratings, par- 
ticularly in terms of their association with pain interference 
in daily life, among patients with: amputation, 12 low back 
pain, 13 osteoarthritis, 1314 diabetic peripheral neuropathy, 15 
postoperative pain, 16 and cancer pain. 1718 Collectively, these 
studies support the legitimacy of assigning numerical ratings 
to categorical severities (including those based on pain interfer- 
ence), despite some variations observed between studies and/or 
pain conditions (eg, mild pain is categorized as 1 to 3 in some 
studies, and 1 to 4 in others). Unfortunately, cross-sectional 
assessments of pain ratings at one severity or based solely on 
daily life interference due to pain do not provide insights into 
how pain is conceptualized across intensities or the types of 
pain for the same individual. Further, the experience of chronic 
pain may lead to an enmeshment of self- and illness-schemas, 19 
thereby affecting an individual's underlying pain schemas. 

Our primary goal was to examine pain intensity ratings, 
using a 10 cm visual analog scale (VAS), for commonly 
experienced acute pain conditions (headache, toothache, joint 
pain, delayed-onset muscle soreness [DOMS], and burns), 
across multiple severities. We chose severities based on the 
widely used four-point verbal pain descriptor scale - none, 
mild, moderate, and severe - due to its clinical relevance 
(although "none" was not assessed in this study). In addition, 
pain threshold, the lowest intensity perceived as pain, and tol- 
erance, the highest intensity of pain tolerable, were assessed 
due to their common use in experimental pain research. Rat- 
ing pain associated with commonly experienced, acute pain 
conditions in a nonclinical sample allow for multiple measure- 
ments across severities and eliminate the inherent variability 
associated with clinical pathology in patient populations. We 
hypothesized that: 1 ) subgroups of individuals would emerge, 



indicative of distinct underlying pain rating schema (ie, the 
cognitive appraisal and interpretation of numerical pain 
intensity across categorical severities); and 2) these schema 
would be situation-specific, as evidenced by differences in 
pain ratings between pain conditions (eg, DOMS could be 
rated lower than toothache pain). The secondary goals were 
to examine whether pain intensity ratings differed by sex or 
between people with and without existing pain. 

Methods 

Participants 

A community sample (N=365, 66% female) was recruited 
through flyers and ads, with minimal exclusion criteria (ie, 
subjects had to be English-speaking, able to follow direc- 
tions, and between 18 and 55 years) to obtain a sample that 
would be representative of the general adult population. 
All participants provided written informed consent prior 
to participation, as approved by the University of Iowa 
Biomedical Institutional Review Board, and were compen- 
sated for their time. 

Demographic and pain measures 

The participants were first asked to complete a series of self- 
reported questions regarding their demographics (ie, age, 
race/ethnicity, sex, and general health status) and pain expe- 
riences: 1) past experience (yes/no) of five pain conditions 
(headache, muscle soreness, toothache, joint injury, and 
burn); 2) current pain (if any; rated using the 1 0 cm VAS); and 
3) worst pain ever experienced (rated using the 1 0 cm VAS). 
To measure participants' schemas for various pain conditions 
and severities, individuals were then instructed to answer 30 
questions, using this instructional set for all items: 

Please rate the following questions using the 10 cm visual 
analog scale (VAS), based on your personal experiences. 
Place a vertical mark on the line to show your answer, 
where far left indicates no pain and the far right indicates 
the maximum pain you have ever felt or can imagine 
feeling. Please be as honest as possible, there are no right 
or wrong answers. 

The VAS ratings were measured in centimeters using 
a ruler. 

A total of six pain conditions were assessed: pain "in 
general" and five specific acute pain experiences familiar to 
a large portion of the population 20 26 and thus likely to have 
been experienced by a majority of the sample: headache, 
toothache, j oint pain (ankle sprain or knee pain), muscle sore- 
ness, and burns. Three common verbal descriptor severities 
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were assessed for each of the six pain conditions: mild, 
moderate, and severe. Self-reported threshold and tolerance 
were also assessed for a total of five categorical severity 
levels (see questions below for examples). Thus a total of 30 
unique items (six pain conditions, rated across five severity 
levels) were assessed. Identical wording was used for each 
severity level across the 30 items, with the only between- 
item differences being the words for each specific pain 
condition (eg, joint injury versus toothache). Five examples, 
highlighting each severity level for the DOMS condition, 
are as follows: 

• What would you rate as mild muscle soreness (1-2 days 
after activity)? 

• What would you rate as moderate muscle sore- 
ness (1-2 days after activity)? 

• What would you rate as severe muscle soreness (1-2 days 
after activity)? 

• What is the lowest intensity you could perceive as muscle 
soreness (1-2 days after activity)? 

• At what point would you rate muscle soreness (1-2 days 
after activity) as becoming intolerable? 

Items in the pain questionnaire were randomized into two 
different orders (to minimize order or fatigue effects), with 
each order used for approximately half of the participants. 
Early versions were piloted on small cohorts of individuals 
and edited based on feedback and responses (not included 
in final analyses). A new questionnaire was developed for 
this study because there were no other measures that assess 
pain intensity across a variety of conditions and severities to 
evaluate pain rating schema. 

Statistical analyses 

Descriptive statistics (mean, standard deviation [SD], median, 
and percentile) were calculated (SPSS v20; IBM Corporation, 
Armonk, NY, USA) for all 30 questionnaire items. Mean 
ratings were also calculated for each of the five pain severity 
levels, collapsing the scores across the six pain conditions, 
to obtain an average mild, moderate, severe, threshold, and 
tolerance score, as an estimate of how individuals gener- 
ally rate acute pain for each severity level. Means and SD 
are reported in the text; means and standard error of means 
(SEM) are shown in all figures. 

Cluster analysis 

Cluster analysis was used to assess for subgroups of indi- 
viduals based on the three verbal descriptor pain severities 
(mild, moderate, and severe) for the six pain conditions 
(18 input variables). A two-step clustering algorithm, using 



log-likelihood distance measures and Schwarz's Bayesian 
information criterion (BIC), 27 was used to determine the 
subgroups, automatically considering up to 15 clusters. 
This two-step clustering approach first assigns cases to 
"preclusters," then uses hierarchical clustering algorithms 
to determine the final group membership. The BIC provides 
a systematic and unbiased method to ascertain the optimal 
number of clusters. 28 - 29 Cluster membership was then saved 
as a categorical variable. 

Responses between cluster subgroups 

To test whether pain ratings differed between cluster sub- 
groups, pain conditions, or sex, a mixed repeated measures 
analysis of variance (ANOVA) (with the Huynh-Feldt 
correction) was used. The within-subjects variables included 
pain severity (five levels) and pain condition (six levels), and 
the between-subjects variables included cluster and sex. If 
significant between-group differences were observed, the 
effect sizes (Cohen's d) and post hoc follow-up tests were 
evaluated: Tukey's test for the between-subjects variables 
and Bonferroni corrections for the within-subjects variables, 
to adjust for multiple comparisons. 30 Next, ANOVAs were 
used to compare demographic variables between the clusters 
and to confirm differences in the mean pain rating variables 
between the final cluster subgroups. The absolute and relative 
differences in pain intensity ratings between each successive 
severity level (eg, mild versus moderate) were assessed and 
compared between clusters using ANOVA. Significance was 
set at alpha =0.05 for all analyses. 

Minimal clinically important differences 

Although minimal clinically important differences (MCIDs) 
for VAS pain ratings vary substantially based on patient 
population and statistical technique used, this may provide a 
useful criterion for comparing significant differences. Based 
on previous research, we used a midpoint value of 1 .4 cm 31 as 
a MCID (reported range of 0.4-3.7 cm for a 1 0 cm scale), 31-34 
as a general indicator of meaningful differences between 
groups and/or pain types in the current study. 

Questionnaire reliability and validity 

To evaluate the reliability of our measure, short-term stabil- 
ity (2 -week test-retest interval) was assessed in a subset of 
the study participants (the reliability cohort; n=49). Multiple 
reliability statistics were considered to ensure consistency, 
including the Guttman split-half correlation coefficient; the 
Spearman-Brown coefficient; and intraclass correlation 
coefficient (ICC) (two-way fixed for consistency). 35 
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The instrument error of the pain questionnaire was assessed 
as the mean square error (MSE) term for each categori- 
cal severity level (six in total) from the repeated ANOVA. 
Lastly, the internal consistency of the pain questionnaire was 
assessed using the Cronbach's alpha coefficient. 

Results 

Participants 

A total of 365 participants were recruited with an age 
range of 18 to 54 years and mean (SD) of 27.0 (10.6) years 
(Table 1). All participants were familiar with the majority of 
the pain conditions; all (100%) reported having previously 
experienced at least three of the five specific acute pain 
conditions considered and 92.1% had experienced four or 
more of the conditions. Headache, muscle soreness, and 
burns were the most commonly (over 96%) experienced 
previously (Table 1). Toothaches were the least common, with 
approximately three-quarters (77%) of participants reporting 
previously experiencing a toothache. At the time of the ques- 
tionnaire, nearly one-third (3 1 .2%) of participants reported 
currently having pain, averaging 3.0 (SD =1.9) cm (range 
from 0.4 to 8.2 cm) on the 10 cm VAS. Muscle soreness, 
headache, and joint pain were the three most frequently cited 



Table I Participant characteristics 



Variable 


Range or category 


Mean (SD) or n 
(% of sample) 


Age 


18 to 54 


27.0±I0.6 


Sex 


Males 


121 (34.0%) 




Females 


235 (66.0%) 


Racial or ethnic 


White 


312 (87.6%) 


heritage 


Asian 


21 (5.9%) 




Black/African American 


8 (2.2%) 




Hispanic or Latino 


7 (2.0%) 




More than one racial 


8 (2.2%) 




heritage 




General health 


Excellent 


154 (43.3%) 




Good 


185 (52.0%) 




Fair 


8 (2.2%) 




Poor 


9 (2.5%) 


Previously 


Headache 


349 (98.0%) 


experienced* 


Muscle soreness 


346 (97.2%) 




Burn 


345 (96.9%) 




Joint pain 


308 (86.5%) 




Toothache 


274 (77.0%) 


Currently 


Yes 


III (31 .2%) 


experiencing pain 


Average VAS intensity 


3.0 (1.9) 




(if in pain; 0—10 cm) 





Notes: N-356 (nine participants did not complete the demographic 
questions). Participants could endorse more than one previously experienced pain 
condition category. 

Abbreviations: SD, standard deviation; VAS, visual analog scale. 



sources of current pain. The self-reported "maximum pain 
ever experienced" averaged 7.6 (SD =1.6) cm, with a range 
from 2.6 to 10.0 cm. 

Cluster analysis of subgroups 

Results from the cluster analysis indicated individuals 
were classified approximately equally into three subgroup- 
ings (ie, clusters) of individuals (Figure 1 and Table 2). 
Due to missing data (four people did not answer the 
toothache items), only 361 of the 365 participants were 
included in the final cluster analyses. When considering 
one to 15 subgroups, three clusters produced the lowest 
BIC (4,108.7) and the largest ratio of distance measures 
(2.6), thus, the three-cluster solution was chosen over the 
two-cluster solution, for which BIC was 4200.6 and ratio 
of distance measures was 2.4. One cluster of individuals 
(n=105) rated VAS pain intensity consistently high across 
mild to severe pain (the High Rating subgroup). A second 
cluster (n=121) reported consistently low VAS pain ratings 
across the severities (the Low Rating subgroup). However, 
the third cluster (n=135) had a divergent pain rating pat- 
tern: these individuals assigned a low score to mild pain 
(similar to the Low Rating subgroup) but assigned a high 
score to the severe pain category (similar to the High Rat- 
ing subgroup). Thus, we labeled this third cluster the Low/ 
High Rating subgroup. 

Pain rating differences 

Pain ratings differed significantly between the categorical 
severity levels {F lum =1368.2) (P<0.0001) (Figure 2A), 
pain conditions (F 442 11846 =49.2) (P<0.0001) (Figure 2B), 
and clusters (F 226 =177.1) (P<0.0001) (Figures 1,3, and 4). 
Sex differences were not significant (F l 26g =2.5) (P=0. 1 1), and 
none of the sex interaction terms were significant (P>0.24), 
indicating that men and women did not rate pain differ- 
ently across the pain conditions or severity levels. Thus, 
the remaining results are reported for men and women 
collectively. 

Box plots of the mean 1 0 cm VAS pain ratings by sever- 
ity level (averaged across all six pain conditions) and by 
condition (averaged across all severity levels) are shown in 
Figure 2. The differences between the severities exceeded 
the MCID of 1.4 cm for all pairwise comparisons except 
for "threshold versus mild" (mean difference =0.74 cm) 
and "severe versus tolerance" (mean difference =0.23 cm). 
Although some of the mean differences between pain condi- 
tions were statistically significant, none reached our prede- 
termined MCID (range =0.02-0.997 cm). 
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Figure I Overall mean (SEM) pain intensity ratings for each categorical severity level by cluster, averaging across all the pain conditions. 

Notes: Within each severity level, significant differences between the subgroups are indicated by different letters (a, b, and/or c), based on Tukey's post hoc tests (P<0.05). 
The SEM estimates are very small, thus even small differences (eg, the threshold and mild pain ratings between the Low and Low/High subgroups) achieve significance. 
However the largest between-cluster differences occurred when rating mild and severe pain. 
Abbreviations: SEM, standard error of the mean; VAS, visual analog scale. 



All of the two- and three-way interaction terms between 
pain condition, severity, and cluster were significant (Figures 3 
and 4): cluster by pain condition (P<0.0001), cluster by 
severity (P<0.0001), severity by pain condition (P<0.0001), 
and severity by pain condition by cluster (P<0.0001). These 
significant interactions indicate that pain condition, categori- 
cal severity level, and cluster assignment all interact with one 
another to influence pain intensity ratings. 

Pain ratings between clusters 

Confirming the cluster subgroupings, the post hoc tests 
revealed clear differences in the mean 10 cm VAS pain 



ratings between clusters at each severity level, includ- 
ing threshold and tolerance (Figure 1). Individuals in 
the High Rating subgroup rated all pain severities sig- 
nificantly higher (P<0.0001) than did those in the Low 
Rating subgroup. The between-cluster differences ranged 
from 0.7/10 cm (for tolerance) to 2.3/10 cm (for mild 
pain); which corresponded to effect sizes that ranged 
from moderate to large, d=0.5—2.7. Further, five of these 
pairwise differences achieved statistical significance and 
exceeded our criterion MCID of 1 .4: both the Low Rating 
and Low/High Rating subgroups versus the High Rating 
subgroup for mild pain, the Low Rating versus the High 



Table 2 Cluster descriptive summaries and 


comparisons 








Variable 


Cluster 1: 


Cluster 2: 


Cluster 3: 


P 




high rating 


low/high rating 


low rating 




n 


105 (29.1%) 


135 (37.4%) 


1 19 (33.5%) 




Age (years) 


26.1 (10.7) 


28.5 (10.8) 


26.2 (9.4) 


0.1 1 


Males 


33.6% 


28.9% 


41.2% 


0.12 


Current pain prevalence 


32.7% 


31.8% 


29.4% 


0.86 


Current pain intensity, if in pain (0—10 cm VAS) 


3.8 (1.9)" 


3.3 (2.l) b 


2.2 (l.5) c 


0.001* 


Maximum previous pain (0—10 cm VAS) 


7.7(1.6) 


7.8(1.5) 


7.4(1.6) 


0.08 


Mild— moderate pain difference AVAS 


I.I (I.I)" 


2.4 (0.9) b 


1.4 (0.9) £ 


<0.000l* 


% increase 


69.3 (79.7)" 


212.0 (I63.6) b 


188.8 (181. 1) b 


<0.000l* 


Moderate-severe pain difference AVAS 


2.3(1.1)" 


2.9 (0.9) b 


2.3 (0.9)" 


<0.000l* 


% increase 


56.5 (38.4)" 


77.2 (37.8) b 


100.2 (69.4) 1 


<0.000l* 



Notes: N-361 . The values are expressed as n (%) or mean (SD). The percentages are based on the total number of individuals who responded to each question; One-way 
ANOVA was used for all continuous data; The Pearson chi-square test was used for dichotomous data. ^Significance was set at P<0.05. a_c Means sharing a letter in their 
superscript are not significantly different from each other, based on the Tukey honestly significant difference post-hoc test. 
Abbreviations: ANOVA, analysis of variance; SD, standard deviation; VAS, visual analog scale. 
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Figure 2 Box plots displaying the median, 25th to 75th percentiles (boxes), tenth 
to 90th percentiles (error bars), and fifth to 95th percentiles (dots) for the pain 
ratings, by (A) the categorical severity level (averaged across the pain conditions) 
and (B) the pain condition (averaged across the severity levels). 
Abbreviations: VAS, visual analog scale; DOMS, delayed-onset muscle soreness. 

Rating subgroup for moderate pain, and both the Low/ 
High Rating and the High Rating subgroups versus the 
Low Rating subgroup for severe pain (see Figure 1). 
When looking at the difference or slope in the numerical 
pain ratings from the mild to severe categories, the High 
Rating and Low Rating subgroups demonstrated remark- 
ably similar approaches, with nearly parallel lines and 
a simple offset between them: the difference from mild 
to moderate pain was approximately half the difference 





DOMS 




Burn 




Headache 




Toothache 




Joint pain 




General pain 



o 



"7 6 - b b b b 




High rating Low/high rating Low rating 

Subgroups 

Figure 3 Mean (SEM) pain intensity ratings for each pain condition averaged across 
severities (threshold, mild, moderate, severe, and tolerance), by cluster. 
Notes: Within each cluster, the significant between-pain condition differences 
(Tukey's post hoc tests) (P<0.05) are indicated by different letters (a, b, and/or c). 
Note that DOMS was consistently rated lower than the other pain conditions, 
across all three clusters. 

Abbreviations: DOMS, delayed-onset muscle soreness; SEM, standard error of 
the mean; VAS, visual analog scale. 

from moderate to severe pain, for both groups (Figure 1 
and Table 2). Both the Low Rating and High Rating 
subgroups appeared to rely on a "restricted" range of 
available numerical pain rating intensities but at differ- 
ent ends of the spectrum. Whereas, the Low/High Rating 
subgroup rated pain similar to the Low Rating subgroup 
at the lowest intensities and the High Rating subgroup at 
the highest intensities, demonstrating a wider use of the 
full range of the numerical pain scale. Further, in the Low/ 
High Rating subgroup, the increase in ratings from mild 
to moderate pain was approximately equal in magnitude 
to the increase from moderate to severe, which was differ- 
ent from what was observed for the other two clusters of 
individuals. Standardizing these increases in pain ratings 
to assess the relative (%) increases in pain ratings did not 
significantly change these between-cluster differences 
(results not shown). 

No differences in participant age, sex, proportion with 
current pain, or maximum pain ever experienced was found 
between the three clusters (Table 2). The only demographic 
difference observed between clusters was the reported pain 
intensity in those with current pain (31.2% of sample); 
individuals in the Low Rating cluster rated their current 
pain intensity significantly lower than those in either the 
High Rating (f=0.002) or the Low/High Rating subgroups 
(P=0.05) (Table 2). 
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Figure 4 Mean (SEM) pain intensity rating for each pain condition by cluster, for the (A) threshold, (B) mild, (C) moderate, (D) severe, and (E) tolerance pain categories. 
Notes: The largest differences in pain ratings occur between the cluster subgroups and the severities, but relatively small differences are observed between the specific pain 
conditions. The significant differences were not indicated on this figure, for clarity. 

Abbreviations: DOMS, delayed-onset muscle soreness; SEM, standard error of the mean; VAS, visual analog scale. 



Pain ratings between pain conditions 

As hypothesized, muscle soreness pain intensity was rated 
significantly lower than were the other pain conditions 
within each severity level, with moderate to large effect 
sizes ranging from t/=0.6 to 1.1 (P<0.0001) (Figures 3 
and 4). Conversely, individuals rated general pain higher 
than all of the specific pain conditions, across the five 
categorical severities, but the effect sizes varied substan- 
tially - from small (d=0.2) (P=0.01) compared with joint 
pain, to large (d=l.l) (P<0.0001) compared with muscle 
soreness. This difference was most apparent in the Low 
Rating subgroup (see Figure 3). On average, differences 
in the anticipated pain ratings between the pain condi- 
tions were small (median effect size was d=03) relative 
to the differences observed between severities or clusters, 
with most of the absolute 10 cm VAS differences falling 



well below our criterion MCID of 1.4. The within-cluster 
post hoc comparisons demonstrated no significant differ- 
ences between pain conditions at pain threshold (P>0. 12) 
(Figure 4A). However, across all the other severity levels 
(mild through tolerance), muscle soreness was consistently 
rated as the lowest or second lowest of all the pain condi- 
tions (Figure 4B-E). Further, the absolute VAS differences 
between muscle soreness and the other five pain condi- 
tions were the most likely to reach or exceed the MCID 
criterion of 1.4. 

Survey reliability and validity 

The short-term (2 week, range 10 to 20 days) test-retest 
repeatability (n=49) was good to excellent (Table 3). 
The Spearman-Brown coefficients, ICCs, between- 
session correlation coefficients, and Guttman split-half 



Table 3 Reliability statistics for the 30-item pain questionnaire (2-week test-retest interval) 
Internal consistency Test-retest measures 

Cronbach's alpha- Cronbach's alpha- Spearman-Brown Intraclass correlation Guttman split-half Pearson's correlation 

first visit second visit coefficient coefficient coefficient coefficient 

0.96 0.96 0.90 0.98 0.90 0.82 
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coefficients demonstrated good-to-high test-retest reliabil- 
ity (0.82 to 0.98). The 30-item instrument was internally 
consistent at each test session, with alpha coefficients at 
0.96. The construct validity of the instrument was indi- 
cated by the clear ordering of the mean pain ratings, where 
threshold < mild < moderate < severe (see Figure 1). 

The instrument error estimates, based on the 2-week 
test-retest SEM, ranged from 0.40 to 0.78 across the severities. 
Accordingly, any observed differences between the pain 
ratings (eg, between conditions or severities) that were less 
than these SEM values may have been due to error alone. 
Further, these error estimates were one-third to one-half of the 
magnitude of the MCID we used for comparison purposes. 
Thus any meaningful differences observed were well beyond 
the instrument error levels. 

Discussion 

This was a novel study that examined anticipated numerical 
pain intensities across a range of categorical severities for 
commonly experienced pain conditions. Our use of diverse 
pain experiences was particularly innovative and important 
because prior research suggests that pain sensitivity varies 
between different types of pain. 36 The results indicate that: 
1) significant variation occurs in how numerical pain ratings 
are utilized/interpreted (ie, pain schemas) between subgroup- 
ings of individuals for a given categorical severity; 2) pain 
ratings can vary by pain condition, but these differences are 
small relative to the differences observed between subgroups 
of individuals; 3) pain rating schema are not significantly 
different between males and females; and 4) existing pain 
does not have a significant influence on acute pain rating 
schemas. Altogether, these findings are potentially important 
for clinical and research settings because they indicate that 
individuals may differ in their underlying cognitive appraisal 
strategies when self-reporting numeric pain intensity, for 
mild moderate, and severe pain, and also, when considering 
pain threshold and tolerance. 

The participants were asked to consider several common 
acute pain experiences that tend to vary in their pain quality 
(ie, sharp, dull, or aching) and anatomical source (ie, joints, 
muscles, skin, head or tooth pain). Overall, similar pain 
rating schemas were observed across these pain conditions, 
with any significant differences between the pain conditions 
being smaller than the differences occurring between clusters 
of individuals. Thus, underlying pain schemas or cognitive 
assessments of pain appear to be relatively consistent across 
pain types, despite known differences in transmission and 
processing between various sources of pain. 37 38 



The three clusters of subjects observed in this study 
differed on their ratings of pain severity levels (ie, mild 
moderate, and severe), but did not differ in demographic 
(sex or age) or pain-related variables (prior pain experiences 
or existing pain). These three clusters appear to differentiate 
three underlying pain rating schema: 1) the Low Rating 
subgroup demonstrated a consistent bias to numerically rate 
pain relatively low across all severities; 2) the High Rating 
subgroup demonstrated a consistent bias to numerically rate 
all categorical severities on the higher side of the numerical 
scale; and 3) the Low/High Rating subgroup used the numeri- 
cal rating scale in its entirety, with low VAS ratings for the 
lowest categorical severities and high VAS ratings for the 
highest categorical severities. These results may impact our 
understanding of individual differences in pain sensitivity. 
That is, heterogeneity in pain sensitivity observed in prior 
studies 6 - 8,10,39 - 40 may be partially attributable to underlying 
differences in pain rating schemas. 

The ranges of VAS intensities reported by our community 
sample for mild moderate, and severe pain are consistent 
with previous cross-sectional studies in patient populations, 
some of which were based on pain interference scores. For 
example, mild pain has typically encompassed ratings from 
1 to 3, 41 - 43 or 1 to 4, 5,13,17,18,39,44 - 46 which is similar to the fifth 
to 95th percentile range of 1.1 to 5.0 in our cohort, despite 
the between-study differences in collection and statistical 
methodologies. 

However, our results would suggest that single "cutpoints" 
to differentiate numerical pain ratings into categorical levels 
may not adequately reflect the individual differences asso- 
ciated with decision-making and the underlying cognitive 
approach used to evaluate the numerical pain scales. Indeed 
approximately one-third of the study cohort (ie, the High 
Rating subgroup) rated mildly painful conditions as nearly 
twice as painful on the 10 cm VAS as the remaining two- 
thirds of individuals (Low Rating and Low/High Rating 
subgroups). Further, this High Rating subgroup rated mild 
severities higher than or equal to the moderate severities rated 
by the other two subgroups. Thus, clinicians or researchers 
who assign cutpoints to numerical pain ratings to translate 
them into mild moderate, or severe severity categories may 
misinterpret an individual's pain experience. 

We did not see a significant difference between males 
and females in pain rating schema. This is consistent with a 
recent review indicating little to no sex differences in several 
assessments of pain sensitivity. 47 Our findings also suggest 
that previously observed sex differences in pain tolerance, ie, 
for thermal 48 and cold pressor pain, 7,49 are not simply due to a 
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difference in pain rating schema - sex differences in tolerance 
are more likely a result of underlying physiological differ- 
ences (eg, in subcutaneous fat layers) or social-behavioral 
differences, where men may be more reluctant to "quit" a 
pain tolerance task. Indeed gender roles and expectations 
have accounted for the sex differences in pain ratings in 
prior studies. 50,51 

The most notable difference between the clusters was how 
individuals rated their existing pain intensity: Individuals 
in the Low Rating cluster rated "current" pain the lowest 
of all three clusters. This is consistent with their observed 
pain cluster schema, which was to use the lowest half of the 
numerical range available. However, it is impossible to dif- 
ferentiate whether these differences in existing pain were due 
to: 1) less noxious painful stimuli; 2) lower pain sensitivity; 
3) their underlying pain rating schema used to communicate 
their pain; or 4) some combination of these three. 

Several differences between pain conditions were also 
observed largely following the initial hypothesis that muscle 
soreness would be rated lowest on the 10 cm VAS for each 
severity. It is likely that the affective experience (eg, fear or 
anxiety) or expectations associated with each condition differ. 
For example, DOMS, a common nonpathological condition that 
results from unaccustomed exercise, is sometimes considered to 
be a "good pain." 52 Thus, pain-related fear, catastrophizing, and/ 
or anxiety may be more likely to occur with presumably more 
threatening clinical or injurious conditions, such as headache, 
toothache, or joint pain, than with DOMS. Prior research has 
demonstrated that the affective dimension of pain can modify 
pain schema. 53 Accordingly, the underlying schema developed 
based on prior painful experiences is likely to have been influ- 
enced by the affective dimensions associated with each acute 
pain condition. Although we did not measure these factors in 
this study, they may be important to assess in future research. 

Several study limitations are worth noting. Our study 
utilized a community sample of individuals, with and without 
pain, rather than a patient population. While nearly one-third 
reported experiencing pain at the time of the study, it is 
unknown what proportion had chronic pain. We recognize 
that the presence of chronic pain may further influence pain 
schemas through an enmeshment of the self- and illness 
schemas. 19 The study cohort was also predominantly young 
and Caucasian, and the generalizability of these results to 
older adults or other racial or ethnic groups is unknown. 
However, previous studies suggest that pain rating boundar- 
ies do not significantly differ across demographic groups. 5,44 
Future studies are needed to better determine whether 
additional participant characteristics, such as age, personality, 



pain-related catastrophizing or fear, past pain experiences, 
chronic pain, and/or social or cultural environments predict 
cluster membership. Lastly, because this is the first question- 
naire to specifically assess pain rating schema through pain 
intensity assessments across severities for multiple pain 
conditions, we were unable to directly assess the convergent 
or divergent validity of our instrument. 

In summary, these results provide insights into the under- 
lying variations in the conceptualization of numerical pain 
intensity across categorical severities, ie, pain rating schema. 
We found that three general clusters emerged indicating that 
three distinct approaches were used to rate pain across a range 
of conditions and severities. Accordingly, it may be valuable 
to assess both numerical intensity and categorical severity 
to better understand how each individual is evaluating their 
pain experience. For example, this study demonstrates that a 
pain rating of "4" could be perceived as mild moderate, or 
even severe pain, depending on the individual's underlying 
pain rating schema. Thus, we recommend that clinicians and 
researchers consider asking both intensity ratings as well as 
categorical interpretations (ie, "Can you rate your pain on a 
0 to 10 scale?" and "Would you classify your pain as mild 
moderate, or severe?"). Lastly, subgrouping individuals 
based on pain schema may benefit pain heterogeneity studies 
examining the predictors of pain sensitivity or pain pheno- 
types to better differentiate cognitive assessment from other 
sources of heterogeneity (eg, physiological or neurochemical). 
Ultimately, this information may be used to enhance commu- 
nication between patients and their care providers and allow 
for improved comparisons across research studies. 
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